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Liquid biopsy is a minimally invasive approach to
obtain circulating materials that originate from tumor
cells through the sampling of body fluids, mainly
peripheral blood. Because of its abilities to detect
tumor-derived nucleic acids and proteins and to
characterize tumor-specific genomic abnormalities,
liquid biopsy has emerged as an approach to orient
care of patients with colorectal cancer (CRC). The
most advanced approach through which liquid biopsy
could be exploited in the CRC field is the analysis of
circulating cell-free tumor DNA (ctDNA).
ctDNA is detected in almost all patients with CRC.1
Available approaches to ctDNA analysis range from
the interrogation of a single or a limited number of loci
to whole-genome analyses.2
Several applications of ctDNA analysis have been
hypothesized in the clinical scenario of CRC, including
the following: molecular profiling for treatment selec-
tion, prognosis assessment and detection of minimal
residual disease, monitoring of treatment efficacy and
emergence of secondary resistance to ongoing ther-
apies, and identification of candidates for anti–
epidermal growth factor receptor (EGFR) rechallenge.
However, the role of liquid biopsy as a tool to build
a biology-driven care of patients with CRC needs
validation to enter clinical guidelines and recom-
mendations.3,4
We reviewed available literature about the applications
of ctDNA analysis with the aim of disclosing the main
gaps that must be filled to push the development of
liquid biopsy toward clinical practice.
ctDNA Versus Tumor DNA for RAS Profiling
Expectations are high about the possibility of using
blood instead of tissue samples to detect RAS muta-
tions for anti-EGFR (cetuximab and panitumumab)
treatment selection in metastatic CRC (mCRC).
Many retrospective series have described a more than
90% agreement between RAS status in matched tu-
mor and ctDNA samples and have highlighted that
RAS mutations are detectable in ctDNA with high
specificity (90% to 100%), but suboptimal sensitivity
(89% to 96%; Appendix Table A1).5-9 Nevertheless,
when RAS testing on ctDNA was compared with highly
sensitive tissue-based techniques,10,11 concordance
rate (78% to 88%), specificity (83% to 91%), and
sensitivity (70% to 85%) of plasma-based analyses
were less encouraging (Appendix Table A1).
Retrospective data suggested that RAS testing on
ctDNA results in a similar clinical outcome compared
with tissue testing in patients with mCRC who were
treated with anti-EGFR–based regimens.5,10,11 How-
ever, some issues hamper RAS genotyping on ctDNA
as an alternative to tissue analysis for anti-EGFR
treatment selection.
First, the standardization of preanalytic variables for
ctDNA analysis is still lacking, and this may affect
ctDNA quality. Second, the reliability of studies that
evaluate the concordance of RAS testing between
tissue and plasma samples is impaired by the adoption
of assays with heterogeneous analytical sensitivity and
coverage of genomic regions. There are now several
commercially available methods for ctDNA assess-
ment and technology platforms based on digital po-
lymerase chain reaction or next-generation sequencing
approaches—each one with specific sensitivity,
specificity, throughput, gene coverage, costs, and
potential clinical applications.12 Among them, three
test kits are CE-marked in vitro diagnostic devices for
detection of RAS and BRAF mutations on ctDNA in
CRC.13-16
Third, some clinicopathologic variables are likely to
affect the amount of tumor-released ctDNA.5,6,8,10,11
Whereas liver involvement and tumor burden are
positively associated with the RAS mutant allele
fraction (the proportion of mutant DNA fragments at
a given locus), peritoneal, nodal, and lung metas-
tases and mucinous histology are linked to low RAS
ctDNA detection. Factors that influence ctDNA
levels, and the variability in the sensitivity of current
technologies, should be considered during inter-
pretation of RAS ctDNA results. Although lack of
RASmutations detected in ctDNA does not perfectly
predict RAS wild-type status, the detection of RAS
mutations is highly reliable for RAS-mutant status.
Consequently, on the basis of the reported sub-
optimal sensitivity of ctDNA testing (around 90%),
the risk of treating with a null, if not detrimental,
effect (ie, with an anti-EGFR-based therapy) false
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RAS wild-type cases, as assessed on ctDNA, is not
negligible.
The parallel assessment of the mutant allele fractions of
other key genomic tumor alterations may help solve
challenging cases that have undetectable RAS mutations
and ctDNA levels at or lower than the analytic sensitivity of
adopted assays. To overcome these issues, preanalytic
procedures should be standardized, a threshold of de-
tectable mutation rate that confers intrinsic resistance to
EGFR inhibition should be set and prospectively validated,
and additional investigation to understand when plasma
and tissue tests are interchangeable and to improve assay
sensitivities is warranted.
Meanwhile, the RAS status assessment to address the use
of anti-EGFR agents must be performed as the gold
standard on tumor specimens.3,4,17,18 Only when tissue-
based testing is technically or logistically unfeasible could it
be replaced by ctDNA analysis.4
ctDNA to Estimate Prognosis and Detect Minimal
Residual Disease
Retrospective studies have focused on the prognostic
impact of the quantitative analysis of ctDNA. In the met-
astatic setting, a correlation between ctDNA concentration
and survival has been described, but the independent
weight of ctDNA quantification when the relative impact of
other well-known prognostic factors is taken into account
has not been clarified (Appendix Table A2).
The role of the quantitative assessment of ctDNA in
monitoring response during treatment must be defined in
the light of its potential added value when compared
with easily available and well-established markers, in-
cluding carcinoembryonic antigen or early radiologic disease
reassessment. Recently, ctDNA has been proposed to de-
tect, measure, and monitor residual disease after radical
interventions.
A series of proof-of-concept studies reported that liquid
biopsy could disclose the persistence of minimal residual
disease (MRD) through the detection of ctDNA in patients
with CRC who underwent potentially curative surgery (re-
section of primary tumor in early-stage CRC or radical
resection of metastases) even in the absence of clinical or
radiologic signs of residual disease (Appendix Table A2).
By identifying incomplete eradication of disease after
a curative treatment, detectable ctDNA predicts an in-
creased risk of relapse regardless of the exposure to an
adjuvant treatment. The development of such a sensitive
tool might improve the risk estimation of disease relapse
after a curative intervention to properly stratify clinical trials
in early-stage CRC and to accordingly drive the therapeutic
management.
Theoretically, two applications of the detection of MRD in
this setting may be foreseen: to offer chemotherapy to all
postoperative ctDNA-positive patients, including those with
no histopathologic risk factors to reduce their risk of
progression—indeed, ctDNA positivity invariably means
residual disease—and to avoid useless adjuvant therapies
in postoperative ctDNA-negative patients. Not detecting
ctDNA in the postoperative does not invariably mean lack
of residual disease, because available assays may have
suboptimal sensitivity. As a consequence, postoperative
ctDNA cannot yet be regarded as a tool to avoid the
recommended treatment in ctDNA-negative patients who
are candidates for adjuvant therapy according to clinical
practice (ie, those with stage III and high-risk stage II
CRC).19,20 The integration of different sequencing ap-
proaches, such as the detection of mutated and meth-
ylated ctDNA, could increase the sensitivity of ctDNA
detection assays.
Similarly, improvement in the prognostic accuracy for those
patients who undergo a radical resection of metastases is
clearly needed to establish the best postoperative strategy
on an individual basis. If ctDNA is detected immediately
after resection, a more intensive approach may be justified.
These applications of ctDNA testing are limited by some
open challenges. In early-stage CRC, ctDNA is detected at
a lower rate than in the advanced disease.1 Therefore,
highly sensitive techniques are needed to achieve appro-
priate accuracy to detect MRD.
Most available data have been achieved through a two-
step procedure: the identification of specific somatic
abnormalities in tissue samples, followed by the search
for the same alteration in ctDNA. Currently, a panel
including the most frequently and directly detected tumor-
specific genomic events in ctDNA has not been vali-
dated. Only trials that aim to optimize the treatment
of all postoperative ctDNA-positive patients, indepen-
dent of traditional histopathologic factors, are ethically
acceptable.
ctDNA to Track Tumor Response and Resistance
to Therapy
Whereas tissue biopsies catch single snapshots of the
tumor in a specific spatiotemporal fragment, liquid biopsy
may more comprehensively depict the intrinsic and dy-
namic intratumoral heterogeneity. Serial quantitative and
qualitative ctDNA measurements allow longitudinal ex-
ploration and tracking of the clonal evolution during and
across subsequent systemic treatments.21-27
This concept especially fits with the optimization of the use
of anti-EGFR agents. Indeed, patients with molecularly
selected mCRC who initially benefit from anti-EGFR agents
almost invariably experience disease progression.
The molecular landscape of secondary resistance is het-
erogeneous and partially overlaps with that of primary re-
sistance.28 Both in vitro and retrospective clinical studies
have described the emergence of multiple genomic al-
terations both inside and outside the EGFR pathway,
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including RAS, BRAF, and EGFR ectodomain mutations
and KRAS, HER2, and MET amplifications.29-33
Several researchers have used liquid biopsies to monitor
treatment effect in patients who receive anti-EGFR–based
therapies: the ctDNA analysis of samples collected during
treatment has demonstrated the progressive selection of
genomic alterations (mainly RAS mutant clones) as drivers
of secondary resistance to the EGFR blockade even earlier
than the radiologic evidence of disease progression. The
heterogeneity and dynamism of the tumor clonal evolution
under the pressure of targeted treatments are confirmed
by the emergence of multiple alterations in the mitogen-
activated protein kinase pathway effectors, including RAS
and MEK mutations and KRAS, BRAFV600E, and MET
amplification, during the treatment with BRAF/EGFR,
BRAF/MEK and BRAF/EGFR/MEK inhibitors in patients
with BRAFV600E-mutant mCRC.23-27 Two novel NTRK1
mutations have been detected as a potential mechanism of
acquired resistance to entrectinib, a tyrosine kinase receptor
inhibitor, in a patient with LMNA-NTRK1–rearranged mCRC.34
Nevertheless, some steps should be covered to translate
liquid biopsy from the investigational setting into clinical
practice.
Available data indicate that the frequency of molecular
alterations in ctDNA at the time of disease progression is
inconsistent among different series, even when the same
methods for plasma ctDNA analysis is applied (Table 1).
This inconsistency impairs the reliability of adopted tech-
niques and the reproducibility of the findings. Setting and
validation of a quantitative threshold to define the clinical
relevance of each detectable molecular alteration as clearly
associated with a lack of benefit from ongoing therapies
may be relevant to biologically guide therapeutic decisions.
Currently, no prospective data are available about the
usefulness of discontinuing ongoing therapy and initiation
of a tailored treatment when signals of acquired resistance
emerge in ctDNA before clinical or imaging-based disease
progression is noted.
The co-occurrence of multiple and/or subclonal molecular
alterations at the time of acquired resistance highlights an
increase in tumor heterogeneity, which complicates the
definition of clinical value of each identified alteration as
therapeutic target for subsequent tailored strategies. In
other words, how to therapeutically target the heteroge-
neous mechanisms of resistance and the subclonal pat-
terns of tumor cell populations that emerge upon drug
selection is today still challenging. Most of emerging al-
terations are not therapeutically actionable, and the most
promising approaches (eg, targeting EGFR ectodomain
mutations by second-generation anti-EGFRs) have failed to
prove clinical efficacy.47
ctDNA to Select Patients Eligible for
Anti-EGFR Rechallenge
In patients who experienced acquired resistance to anti-
EGFR agents after an initial clinical benefit, and who are
subsequently exposed to at least one other intervening
therapy, the reintroduction of an anti-EGFR in later lines has
shown promising activity data in a retrospective series.48
Recent reports disclosed a biologic rationale that sup-
ports the reintroduction of the EGFR blockade after an anti-
EGFR–free interval. RAS-mutated clones emerge at the
time of disease progression and then decline with time
upon the withdrawal of the anti-EGFR pressure,7,38,49 which
suggests a potential reversibility of the resistant phenotype.
The phase II CRICKET (Phase II Study of Cetuximab
Rechallenge in Irinotecan-Pretreated mCRC, KRAS, NRAS
and BRAF Wild-Type Treated in First Line With Anti-EGFR
Therapy) trial demonstrated the activity of a cetuximab-
based rechallenge strategy in patients with RAS/BRAF
wild-type mCRC whose disease had acquired resistance
to first-line cetuximab–containing therapy.50 This study
highlighted the role of liquid biopsy in the selection of
optimal candidates for this strategy, because the detection
of RAS mutations in ctDNA collected before rechallenge is
associated with no clinical benefit.
An attempt to strengthen these findings is challenged by
the ongoing biomarker-driven CHRONOS (Phase II Trial of
Rechallenge With Panitumumab Driven by RAS Clonal-
Mediated Dynamic of Resistance) study,51 which adopted
ctDNA analysis as an inclusion criterion. In this proof-of-
concept study, patients who are candidates for anti-EGFR
rechallenge are eligible only if a notable decrease in RAS
fractional mutational abundance occurs from the time of
disease progression after a first-line anti-EGFR–containing
therapy to the time of rechallenge.
Liquid biopsy has emerged as a minimally invasive tool to
genotype tumors, to assess patient prognosis and detect
MRD, to monitor treatment efficacy, and to track the dy-
namism of clonal evolution over time and therapies. The
assessment of ctDNA stands as an intriguing technology to
build a personalized and biology-driven continuum of care
for patients with CRC.
Awaited results of properly designed ongoing prospective
clinical trials, conceived with the purpose of integrating the
ctDNA analysis in the therapeutic plan for patients with
CRC, could provide acceptable evidence to push liquid
biopsy toward clinical practice (Appendix Table A3).
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